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Abstract
Background
Low serum albumin levels are associated with aging and medical conditions such as can-
cer, liver dysfunction, inflammation, and malnutrition and might be an independent predictor
of long-term mortality in healthy older populations. We tested the hypothesis that economic
status is associated with serum albumin levels and explained by nutritional and health sta-
tus in Japanese older adults.
Design
We performed a cross-sectional analysis using data from the Japan Gerontological Evalua-
tion study (JAGES). The study participants were 6528 functionally independent residents
(3189 men and 3339 women) aged65 years living in four municipalities in Aichi prefec-
ture. We used household income as an indicator of economic status. Multiple linear regres-
sion was used to compare serum albumin levels in relation to household income, which was
classified as low, middle, and high. Additionally, mediation by nutritional and health-related
factors was analyzed in multivariable models.
Results
With the middle-income group as reference, participants with low incomes had a signifi-
cantly lower serum albumin level, even after adjustment for sex, age, residential area, edu-
cation, marital status, and household structure. The estimated mean difference was −0.17
g/L (95% confidence interval, −0.33 to −0.01 g/L). The relation between serum albumin
level and low income became statistically insignificant when “body mass index”, “consump-
tion of meat or fish”, “self-rated health”, “presence of medical conditions”, “hyperlipidemia”,
or “respiratory disease “was included in the model.
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Conclusion
Serum albumin levels were lower in Japanese older adults with low economic status. The
decrease in albumin levels appears to be mediated by nutrition and health-related factors
with low household incomes. Future studies are needed to reveal the existence of other
pathways.
Introduction
Japan is a rapidly aging society and has one of the oldest populations in the world; indeed, 25%
of Japanese are older than 65 years. Average life expectancy at birth is 80.2 years for men and
86.6 years for women [1]. A government report noted that healthy life expectancy at birth is
71.2 years for men and 74.2 years for women, a 10-year difference from life expectancy values
[2]. To extend the healthy life of older adults, identifying and addressing risk factors for health
problems will be required [3–5].
All-cause mortality, cancer, functional disability, and mental illness, among many other
medical conditions, are related to low socioeconomic status in adults and older adults [6–9].
The Annual Health, Labor andWelfare Report of 2014–2015 found that the number of welfare
recipients has been consistently increasing in Japan since the end of the economic bubble, in
the 1990s. Currently, 1.7% of Japanese receive government welfare support, and 45% of the
recipients are older adults[10].
Serum albumin is the most abundant protein in plasma, and low serum albumin level might
be a predictor of long-term mortality in general [11, 12] and elderly populations [13–17].
Decreased serum albumin is strongly associated with aging and reflects inflammation, frailty,
and several pathological conditions, including cancer, rheumatoid arthritis, and liver dysfunc-
tion [18, 19]. Low economic status can impair health [4, 5] and nutrition status, and lower
household expenditure is associated with a decrease in the quality of nutrient intake [20–22];
however, very few studies have focused on the association of serum albumin level and socioeco-
nomic status [23, 24].
We hypothesized that low serum albumin level is an objective indicator of health and nutri-
tional problems resulting from low economic status. Using baseline data from a cohort study,
we investigated the relationship between serum albumin level and economic status (ie, house-
hold income) of Japanese older adults and assessed whether health and nutrition status medi-
ated this relationship.
Materials and Method
Study participants
The present analysis is based on a data subset from the Japan Gerontological Evaluation Study
(JAGES) 2010 project, a continuing prospective cohort study of factors associated with deterio-
rating health in adults aged 65 years or older. The sample was restricted to people with no base-
line physical or cognitive disabilities, defined as receipt of public long-term care insurance
benefits. The details of the project have been described elsewhere [6, 8, 25–29]. Briefly, self-
administered postal questionnaires were distributed to a randomly sampled quarter of the pop-
ulation aged65 years living in two municipalities (Tokai city, Chita city), and questionnaires
were sent to all residents aged65 years in two municipalities (Tokoname city and Taketoyo
town) in Aichi prefecture. In 2010, 23.1% of the Japanese national population was aged 65
years or older. The percentages in the targeted communities were slightly lower: 15.7% in
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Tokai, 16.2% in Chita, 22.3% in Tokoname, and 15.6% in Taketoyo. Along with the question-
naire, we enclosed a written explanation of our use of health check-up data. Completion and
return of the questionnaire was regarded as informed consent. Response rates in Tokai, Chita,
Tokoname, and Taketoyo were 60.1%, 62.9%, 60.8%, and 61.1%, respectively.
Another dataset was obtained from annual health check-ups conducted by each municipal-
ity in 2010, in which more than 50% of elderly residents participated. During these health
check-ups, height and weight were measured by staff at health centers, and body mass index
(BMI) was calculated by dividing the body weight (in kilograms) by the height (in meters)
squared. Blood samples were also collected and sent to each municipality’s health center or to
hospitals, and serum albumin levels were measured with a colorimetric method.
From a total of 16,213 participants in the JAGES projects, 1968 were excluded because of
missing information on age, sex, or household income. We also excluded 49 subjects who
needed complete support for their activities of daily living. After linkage with health check-up
data, 6528 functionally independent residents (3189 men and 3339 women) aged65 years
were ultimately included in the present analysis (S1 Appendix). The participants’ records were
anonymized and de-identified before analysis. Ethical approval for the study was obtained
from the Ethics Committee at Nihon Fukushi University.
Measures
Household income. The JAGES 2010 questionnaire collected information on the total
annual incomes of the participants’ household members in 15 predetermined categories (in
thousands of yen). For each response, we calculated the equivalent household income by divid-
ing income by the square root of the number of household members. From our previous stud-
ies [27–29], we divided our income variable into three categories as follows: low (10.2 to 158.8
thousand yen; n = 2794), middle (159.0 to 246.0 thousand yen; n = 1986), and high (247.5 to
919.2 thousand yen; n = 1748) income groups. The median incomes for these groups were
112.5 thousand yen, 190.2 thousand yen, and 317.6 thousand yen, respectively.
Nutritional factors. To investigate the interaction of nutritional factors, we analyzed BMI
(from health checkup data) and frequency of meat/fish consumption (“meat/fish”) and fre-
quency of vegetable consumption (“vegetables”) (from the JAGES questionnaire). We used
BMI as the reference to determine balance of energy intake and consumption, as determined
using the Dietary Reference Intakes for Japanese 2015 [30]. Because the recommended BMI for
older adults is greater than 20 but less 25, we classified BMI into three groups:<20, 20 to<25,
and25. In the self-administered questionnaire for JAGES 2010, we asked, “How frequently
do you eat fish or meat?” and “How frequently do you eat vegetables?”, and the answers were
categorized as more than once per day, more than once per week, or less than once per week.
Health-related factors. The health-related factors assessed were self-rated health, activities
of daily living, and presence of medical conditions. For self-rated health, we used the question,
“How would you rate your overall health at the present time?” Four response options were pro-
vided: excellent, good, fair, or poor [31, 32]. For activities of daily living, we asked, “Do you
need any support for your activities of daily living (walking, bathing, and toileting)?” The avail-
able response options were no need, some need, and total need. Individuals with a total need
were excluded from the study.
Medical conditions were evaluated by asking whether individuals were currently receiving
treatment for specific physical conditions, including cancer, heart disease, stroke, hypertension,
diabetes mellitus, hyperlipidemia, respiratory disease, gastrointestinal disease, liver disease, and
mental illness. Although some biomarkers (e.g., blood pressure, serum cholesterol, etc.) were
simultaneously measured with serum albumin at the health check-up, we did not use those
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biomarkers as the covariates as single-time measurements were not equivalent to the diagnoses
of the diseases.
Covariates. We included the following sociodemographic characteristics in the study: age
group (65–70, 70–80,80 years), sex, residential area (four municipalities), education (<high
school [<10 years of education] orhigh school [10years of education]), marital status
(married, widowed, separated, or unmarried) and household structure (living alone, couple,
three generations).
Statistical analysis. Summary statistics for numerical variables are expressed as
mean ± standard deviation (SD). To compare characteristics of study participants in relation to
household income, a multiple linear regression model was used to compare mean serum albu-
min levels, and multivariable multinomial regression models were used to compare categorical
variables. In these models, serum albumin level and other categorical variables were treated as
dependent variables, and dummy variables of household income groups were treated as inde-
pendent variables. In every model, sex, age, and residential area were included as confounding
variables to be controlled.
We created multiple linear regression models to examine associations between household
income and serum albumin level. On the basis of regression coefficients and standard errors,
mean difference (95% confidence interval [CI]) from the serum albumin level of the middle-
income group (reference) was estimated in the other household income groups. Model 1 was
adjusted for education (<10 years,10 years, missing), marital status (married/widowed, sepa-
rated, or unmarried/missing), and household structure (living alone, couple, three generations,
missing). Then, nutritional and health-related factors were sequentially added to the Model 1.
The categorical structures of these additional factors were similar to those described in Table 1.
Mean differences in serum albumin levels between categories of each nutritional and health-
related factor were also estimated by a model in which a single factor was added to model 1.
A two-tailed P value of<0.05 was considered to indicate statistical significance. All analyses
were performed using SPSS statistical software (version 17.0, SPSS, Chicago, IL, USA).
Results
The mean age of the study participants was 72.4 ± 5.3 years, and the mean serum albumin level
was 42.39 ± 2.53 g/L. Table 1 shows the characteristics of the participants in relation to house-
hold income. Serum albumin level significantly differed (P<0.003) in relation to household
income. Participants with low incomes had the lowest level (42.22 ± 2.54 g/L). Sex, age group,
area, education, marital status, and household structure also significantly differed among
groups (P<0.001).
All nutritional factors except BMI significantly differed in relation to household income
(Table 2). Older adults with lower incomes tended to eat meat/fish (P<0.001) and vegetables
(P<0.001) less frequently. All health-related factors significantly differed among groups
(P<0.001).
Table 3 shows associations between serum albumin level and household income. In the
model adjusted for sex, age, and residential area, mean albumin level was significantly lower in
older adults with low incomes (odds ratio, −0.19 g/L; 95% CI, −0.35 to −0.03 g/L), as compared
with the middle-income group. The differences remained significant even after further adjust-
ment for marital status, education, and family structure, in model 1. The mean difference in
serum albumin level between the low-income and middle-income groups was −0.17 g/L (95%
CI, −0.33 to −0.01 g/L).
When BMI was additionally included in model 1, the estimated mean difference in the low-
income group decreased to −0.16 g/L (95% CI, −0.32 to 0.01 g/L), and when consumption of
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meat/fish was included it again decreased to −0.16 g/L (−0.32 to 0.01 g/L). These differences
were not significant. In model 2, in which all three nutritional factors were included, the esti-
mated mean difference further decreased, to −0.15 g/L (−0.31 to 0.02 g/L).
We then added the health-related factors to model 1. When self-rated health and treatment
for any disease were included, the estimated mean differences for the low-income group
became insignificant: −0.16 g/L (95% CI, −0.32 to 0.01 g/L) and −0.16 g/L (−0.33 to 0.03 g/L),
respectively. When individual diseases under treatment were included in the model, the signifi-
cance of the associations with low income disappeared for most diseases. A marked decrease in
the estimated mean difference for the low-income group was seen for respiratory disease and
hyperlipidemia (mean difference, −0.15 g/L [95% CI, −0.32 to 0.01 g/L] and −0.14 g/L [−0.31
to 0.02 g/L], respectively).
In model 3, which included all health-related factors, the estimated mean difference for the
low-income group was −0.15 g/L (95% CI, −0.32 to 0.01 g/L). When all nutritional and health-
related factors were simultaneously included in the model (model 4), the estimated mean dif-
ference for the low-income group decreased substantially, to −0.14 g/L (−0.30 to 0.03 g/L).
In the analysis of the associations of serum albumin with nutritional and health-related fac-
tors, BMI was strongly correlated with serum albumin. With daily consumption as reference,
“eating meat/fish less than once per week” was significantly associated with lower serum albu-
min (Table 4). Among health-related factors, self-rated health was strongly correlated with
Table 1. Characteristic of participants.
Variable Category All High Income Middle Income Low Income P Value P Value
Individuals
(n = 7719)
n or mean
±SD
(%) n or mean
±SD
(%) n or mean
±SD
(%) n or mean
±SD
(%) unadjusted adjusted a
Serum albumin
(g/L)
42.39
±2.53
42.43
±2.58
42.50
±2.46
42.22
±2.54
0.003 0.02
Sex men 3189 48.9 1437 51.4 1003 50.5 749 42.8 <0.001 0.07
Women 3339 51.1 1357 48.6 983 49.5 999 57.2
Age (years) 65–69 2411 36.9 1104 39.5 775 39.0 532 30.4 <0.001 <0.001
70–79 3385 51.9 1400 50.1 1021 51.4 964 55.1
80- 732 11.2 290 10.4 190 9.6 252 14.4
Area A 812 12.4 393 14.1 241 12.1 178 10.2 <0.001 0.52
B 1340 20.5 621 22.2 394 19.8 325 18.6
C 2264 34.7 953 34.1 711 35.8 600 34.3
D 2112 32.4 827 29.6 640 32.2 645 36.9
Education <10 3104 47.5 1013 36.3 996 50.2 1095 62.6 <0.001 0.01
≧10 3355 51.4 1757 62.9 974 49.0 624 35.7
missing 69 1.1 24 0.9 16 0.8 29 1.7
Marital status married 5223 80.0 2387 85.4 1564 78.8 1272 72.8 <0.001 0.01
divorced, separated,
never married
1250 19.1 397 14.2 407 20.5 446 25.5
missing 55 0.8 10 0.4 15 0.8 30 1.7
Household
structure
living alone 589 9.0 120 4.3 279 14.0 190 10.9 <0.001 <0.001
couple 3006 46.0 1424 51.0 1064 53.6 518 29.6
three generations 2857 43.8 1218 43.6 615 31.0 1024 58.6
missing 76 1.2 32 1.1 28 1.4 16 0.9
a Adjusted for sex, age, and area.
doi:10.1371/journal.pone.0155022.t001
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Table 2. Characteristics of study participants (nutritional and health factors).
Variable Category All High
Income
Middle
Income
Low
Income
P Value P Value
n or
mean
±SD
(%) n or mean
±SD
(%) n or mean
±SD
(%) n or mean
±SD
(%) unadjusted adjusted a
Nutritional Factors
Body Mass Index
(BMI)
<20 1001 15.3 421 15.1 290 14.6 290 16.6 0.139 0.80
20–25 3965 60.7 1720 61.6 1216 61.2 1029 58.9
≧25 1562 23.9 653 23.4 480 24.2 429 24.5
Frequency of eating
meat or ﬁsh
daily 2383 36.5 1212 43.4 661 33.3 510 29.2 <0.01 0.00
1>/week 3299 50.5 1277 45.7 1075 54.1 947 54.2
≦1/week 381 5.8 162 5.8 107 5.4 112 6.4
missing 465 7.1 143 5.1 143 7.2 179 10.2
Frequency of eating
vegetables
daily 5053 77.4 2272 81.3 1508 75.9 1273 72.8 <0.01 0.27
≦1/week 1067 16.3 368 13.2 355 17.9 344 19.7
≦1/week 56 0.9 14 0.5 19 1.0 23 1.3
missing 352 5.4 140 5.0 104 5.2 108 6.2
Health-related factors
Self-rated health very good 739 11.3 347 12.4 208 10.5 184 10.5 <0.01 0.08
good 4633 71.0 2028 72.6 1417 71.3 1188 68.0
bad 943 14.4 351 12.6 294 14.8 298 17.0
very bad 131 2.0 46 1.6 34 1.7 51 2.9
missing 82 1.3 22 0.8 33 1.7 27 1.5
Activities of daily
living
no need for
help
6404 98.1 2765 99.0 1948 98.1 1691 96.7 <0.01 0.91
needs
partial help
45 0.7 10 0.4 13 0.7 22 1.3
missing 79 1.2 19 0.7 25 1.3 35 2.0
Treatment of any
diseases
yes 4572 70.0 1972 70.6 1397 70.3 1203 68.8 <0.01 0.10
no 1520 23.3 650 23.3 478 24.1 392 22.4
missing 436 6.7 172 6.2 111 5.6 153 8.8
"Yes" for Treatment
of any disease
cancer yes 183 2.8 72 2.6 60 3.0 51 2.9 <0.01 0.08
no 5909 90.5 2550 91.3 1815 91.4 1544 88.3
missing 436 6.7 172 6.2 111 5.6 153 8.8
heart disease yes 612 9.4 258 9.2 195 9.8 159 9.1 <0.01 0.08
no 5480 83.9 2364 84.6 1680 84.6 1436 82.2
missing 436 6.7 172 6.2 111 5.6 153 8.8
stroke yes 67 1.0 28 1.0 14 0.7 25 1.4 <0.01 0.02
no 6025 92.3 2594 92.8 1861 93.7 1570 89.8
missing 436 6.7 172 6.2 111 5.6 153 8.8
hypertension yes 2433 37.3 1041 37.3 719 36.2 673 38.5 <0.01 0.04
no 3659 56.1 1581 56.6 1156 58.2 922 52.7
missing 436 6.7 172 6.2 111 5.6 153 8.8
diabetes yes 713 10.9 297 10.6 207 10.4 209 12.0 <0.01 0.05
no 5379 82.4 2325 83.2 1668 84.0 1386 79.3
missing 436 6.7 172 6.2 111 5.6 153 8.8
(Continued)
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serum albumin, and lower self-rated health was associated with low serum albumin level. As
for disease status, older adults with respiratory and liver disease had lower serum albumin lev-
els than did those with no disease, and serum albumin was higher in older adults with hyper-
tension and hyperlipidemia.
Discussion
To our knowledge, this is the first study to show a significant association between serum albu-
min and economic status among older adults in Japan or any other country. This cross-sec-
tional study using baseline data from the JAGES project revealed that serum albumin level was
significantly lower in a low-income group than in a middle-income group, even after adjust-
ment for sex, age, area, education, marital status, and household structure. The statistical signif-
icance of lower serum albumin levels in the low-income group disappeared after adjustment
for the confounding effects of nutrition and health-related factors, which suggests that these
factors mediate the relationship.
Serum albumin is a biomarker that predicts all-cause mortality in general and elder popula-
tions [12, 13]. Studies showed that serum albumin independently predicted all-cause 10-year
mortality in community-dwelling older adults [15, 16] or it could be a short-term predictor of
mortality among institutionalized older adults [14]. Serum albumin is also an indicator of dis-
eases such as cancer, rheumatoid arthritis, and liver dysfunction [18, 19] and of underlying
health conditions such as inflammation, frailty, low activities of daily living score, cognitive
decline, and malnutrition in older adults [26, 33–37]. These previous findings suggest that
Table 2. (Continued)
Variable Category All High
Income
Middle
Income
Low
Income
P Value P Value
n or
mean
±SD
(%) n or mean
±SD
(%) n or mean
±SD
(%) n or mean
±SD
(%) unadjusted adjusted a
hyperlipidemia yes 718 11.0 369 13.2 217 10.9 132 7.6 <0.01 0.10
no 5374 82.3 2253 80.6 1658 83.5 1463 83.7
missing 436 6.7 172 6.2 111 5.6 153 8.8
arithritis yes 613 9.4 250 8.9 199 10.0 164 9.4 <0.01 0.04
no 5479 83.9 2372 84.9 1676 84.4 1431 81.9
missing 436 6.7 172 6.2 111 5.6 153 8.8
respiratory disease yes 200 3.1 81 2.9 51 2.6 68 3.9 <0.01 0.03
no 5892 90.3 2541 90.9 1824 91.8 1527 87.4
missing 436 6.7 172 6.2 111 5.6 153 8.8
gastric diseases yes 333 5.1 128 4.6 116 5.8 89 5.1 <0.01 0.02
no 5759 88.2 2494 89.3 1759 88.6 1506 86.2
missing 436 6.7 172 6.2 111 5.6 153 8.8
liver disease yes 87 1.3 40 1.4 27 1.4 20 1.1 <0.01 0.10
no 6005 92.0 2582 92.4 1848 93.1 1575 90.1
missing 436 6.7 172 6.2 111 5.6 153 8.8
mental illness yes 66 1.0 19 0.7 26 1.3 21 1.2 <0.01 0.10
no 6026 92.3 2603 93.2 1849 93.1 1574 90.0
missing 436 6.6789216 172 6.2 111 5.6 153 8.8
aAdjusted for sex, age, and area.
doi:10.1371/journal.pone.0155022.t002
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albumin might be a good measure of objective health status among community-dwelling older
adults. Our results indicate that loss of healthy life is affected by economic status among com-
munity-dwelling Japanese older adults and that serum albumin might mediate these factors.
Very few studies have focused on serum albumin and socioeconomic status. In 2008, Kohler
et al. reported an association between serum albumin and socioeconomic status (a composite of
education, marital status, religion, wealth) in 906 participants in Malawi, but there was no associ-
ation with any of the individual factors [23]. Louie et al. reported that serum albumin level was
not associated with education level, poverty index, or race among participants aged 60 years or
older [24]. Another study reported that race, country, and other background factors mediated
associations between health-related biomarkers and socioeconomic status, and that stronger
associations were seen in high-income countries than in middle- and low-income countries [38].
Table 3. Association between serum albumin level and income level.
High Income middle Income Low Income
Estimated mean difference from middle
income.
reference Estimated mean difference from middle
income.
-0.05(-0.19-0.09) 1 -0.19(-0.35- -0.03)*
Model1 a -0.07(-0.21-0.08) 1 -0.17(-0.33- -0.01)*
BMI -0.07(-0.21-0.08) 1 -0.16(-0.32-0.01)
meat/ﬁsh -0.07(-0.22-0.08) 1 -0.16(-0.32-0.01)
vegetables -0.07(-0.21-0.08) 1 -0.17(-0.33- -0.02)*
self-rated health -0.08(-0.22-0.07) 1 -0.16(-0.32-0.01)
activities of daily living -0.07(-0.21-0.08) 1 -0.17(-0.33- -0.03)*
Treatment of any diseases -0.07(-0.21-0.08) -0.16(-0.33-0.03)
"Yes" for treatment of any
diseasesc
cancer -0.07(-0.21-0.08) 1 -0.16(-0.33-0.01)
heart disease -0.07(-0.21-0.08) 1 -0.16(-0.33-0.00)
stroke -0.07(-0.21-0.08) 1 -0.17(-0.30-0.00)
hypertension -0.07(-0.22-0.08) 1 -0.18(-0.33-0.00)
diabetes -0.07(-0.21-0.08) 1 -0.16(-0.32-0.01)
hyperlipidemia -0.08(-0.23-0.06) 1 -0.14(-0.31-0.02)
arthritis -0.07(-0.21-0.08) 1 -0.17(-0.33- -0.04)*
respiratory disease -0.06(-0.21-0.08) 1 -0.15(-0.32-0.01)
gastrointestinal disease -0.07(-0.21-0.08) 1 -0.16(-0.33- -0.01)*
liver diseases -0.07(-0.21-0.08) 1 -0.16(-0.33-0.00)
mental illness -0.07(-0.21-0.08) 1 -0.17(-0.34- -0.01)*
Model2 b -0.07(-0.22-0.08) 1 -0.15(-0.31-0.02)
Model3 d -0.08(-0.22-0.07) 1 -0.15(-0.32-0.01)
Model4 e -0.08(-0.22-0.07) 1 -0.14(-0.30-0.03)
* P<0.05
a Model 1 was adjusted for sex, age, area, education, marital status, and household structure.
b Model 2 was adjusted for sex, age, area, education, marital status, household structure, BMI, frequency of meat or ﬁsh consumption, and frequency of
vegetable consumption
c Diseases under treatment were separately included in the model.
d Model 3 was adjusted for sex, age, area, education, marital status, household structure, self-rated health, activities of daily living, and treatment for any
disease.
e Model 4 was adjusted for sex, age, area, education, marital status, household structure, BMI, frequency of meat or ﬁsh consumption, frequency of
vegetable consumption, self-rated health, activities of daily living, and treatment for any disease.
doi:10.1371/journal.pone.0155022.t003
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Table 4. Associations of nutritional and health-related factors with serum albumin (g/L).
Variable Category Esitimated difference from reference
category a
Body mass index <20 -0.49(-0.65 - -0.33)*
20-25 1.00
≧25 0.16(0.02 - 0.29)*
Frequency of eating meat or
ﬁsh
daily 1.00
1>/week -0.02(-0.15 - 0.10)
≦1/week -0.27(-0.50 - -0.04)*
missing -0.01(-0.26 - 0.23)
Frequency of eating vegetables daily 1.00
1>/week 0.01(-0.14 - 0.17)
≦1/week -0.2(-0.78 - 0.39)
missing -0.02(-0.26 - 0.23)
Activities of daily living no need for help 1.00
need partial
help
-0.02(-0.65 - 0.60)
missing -0.24(-0.67 - 0.19)
Self-rated health very good 1.00
good -0.11(-0.29 - 0.07)
bad -0.39(-0.61- -0.16)*
very bad -0.51(-0.92- -0.10)*
missing -0.3(-0.79 - 0.19)
Treatment of any diseases yes 0.09(-0.05 - 0.23)
no 1.00
missing 0.04(-0.20- 0.28)
cancer yes 0.03(-0.31- 0.37)
no 1.00
missing -0.03(-0.25 - 0.18)
heart disease yes -0.13(-0.32 - 0.06)
no 1.00
missing -0.05(-0.26 - 0.17)
stroke yes 0.39(-0.19 - 0.97)
no 1.00
missing -0.03(-0.24 - 0.19)
hypertension yes 0.28(0.16 - 0.40)*
no 1.00
missing 0.08(-0.14 - 0.30)
diabetes yes 0.03(-0.15 - 0.22)
no 1.00
missing -0.03(-0.24 - 0.19)
hyperlipidemia yes 0.74(0.55 - 0.92)*
no 1.00
missing 0.04(-0.17 - 0.26)
arthritis yes -0.27(-0.45 - -0.08)*
no 1.00
missing -0.06(-0.28 - 0.15)
respiratory yes -0.67(-1.01- -0.35)*
no 1.00
(Continued)
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Nutrition and health-related factors might be pathways leading to low serum albumin levels
in low-income older adults. Meat/fish consumption was a mediator of the relation between
serum albumin and low income in the present study. A previous Japanese study showed that
serum albumin was weakly positively associated with animal protein intake [39]. The present
study found that serum albumin was significantly lower in income groups with a meat/fish
consumption of less than once per week. Our study also demonstrated that, as compared with
daily consumption, eating meat or fish less than once per week was significantly associated
with low serum albumin. In studies of nutrition and socioeconomic status using nationally rep-
resentative data from Japan, adults aged 18 to 74 years with higher household expenditures
were likely to have a healthier, more favorable, nutrient intake [21]. These studies provide fur-
ther support for our finding that meat/fish consumption mediated the relationship between
serum albumin and socioeconomic status. Previous analyses of micronutrient intake and socio-
economic status yielded similar results: values for all macronutrients were lower for low socio-
economic status groups than for groups with high socioeconomic status [22].
Self-rated health, treatment of any disease, and presence of diseases such as respiratory dis-
ease and hyperlipidemia were intermediate factors in the relation of serum albumin with eco-
nomic status in the low-income group. Like serum albumin, self-rated health predicts
subsequent mortality and is used as a measure of general health [31, 32]. Activities of daily liv-
ing did not mediate this effect, perhaps because older adults with low activities of daily living
scores were excluded from the study.
Among diseases under treatment assessed in the present study, respiratory disease was pre-
viously reported to be an important cause of death in older adults with a low BMI [40–42]. Our
results showed a similar pattern, namely, an association between presence of respiratory disease
and low albumin level. Like BMI, cholesterol levels tend to correlate with serum albumin, and
low cholesterol is related to high mortality, diminished health status, underlying inflammation,
and under nutrition [43, 44]. Thus, low-income older adults were less likely than middle-
income older adults to receive a diagnosis of hyperlipidemia in the study.
These findings suggest that health status and certain diseases are related to albumin level
and economic status. Our findings suggest that other diseases, such as cancer, heart disease,
stroke, hypertension, diabetes, and liver disease, might also mediate the relation between
serum albumin and socioeconomic status. Higher mortality from cancer and stroke has been
Table 4. (Continued)
Variable Category Esitimated difference from reference
category a
missing -0.06(-0.27 - 0.16)
gastrointestinal yes 0.01(-0.25 - 0.27)
no 1.00
missing -0.03(-0.25 - 0.18)
liver yes -0.89(-1.37 - -0.40)*
no 1.00
missing -0.04(-0.26 - 0.17)
mental illness yes -0.18(-0.77 - 0.40)
no 1.00
missing 0.09(-0.15 - 0.34)
* P<0.05
a Adjusted for sex, age, area, equivalent income, education, marital status, and household structure.
doi:10.1371/journal.pone.0155022.t004
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reported in Japanese with low socioeconomic status, [45–47] and future studies should attempt
to clarify the relationship between socioeconomic status and the incidences of these diseases.
In a study of the relations between health, nutrition, and socioeconomic status, Katsarou
et al. found that among healthy adults aged 65–100 years living on a Mediterranean island,
those with the highest socioeconomic status consumed more fish and vegetables than did those
with the lowest socioeconomic status. Additionally, associations with dietary habits are medi-
ated by the presence of chronic vascular disease factors such as hypertension, hypercholesterol-
emia, and diabetes [20]. An advantage of our approach, the use of serum albumin as a
biomarker to examine relationships between health, nutrition, and socioeconomic status, is
that serum albumin is an objective indicator that might assist in assessing elder health.
The nutritional questionnaire used in the JAGES 2010 study asked only about fish/meat
consumption. A previous study showed that in younger and older adults dietary protein con-
sumption and quantity affects serum albumin level[48]. In a Japanese study, animal protein
intake was related to serum albumin level, although vegetable protein intake was not[39]. In
future studies, questions on detailed food groups, such as eggs, beans, and milk, might need to
be added to determine how low-income older adults transition to poor nutrition and health,
and how such transitions can be prevented. There might be other bridging factors between low
serum albumin level and socioeconomic status.
Sahyoun et al. found that increasedmortality in persons with low serum albumin levels was asso-
ciated with age, but also with history of chronic diseases, protein intake, and other factors that could
not be evaluated in their study[14]. Serum albumin may bridge geriatric physical and mental prob-
lems in conditions such as frailty, impaired activities of daily living, cognitive decline, andmalnutri-
tion [33–37, 49]. Low serum albumin in the present older adults with low incomes might reflect not
only health and nutrition factors but also factors that could not be investigated in our study.
Our study has a number of limitations. First, the response rate to our baseline invitation was
only 60%, which decreased to 50% when respondents with incomplete health checkup data
were excluded. Second, selection bias is a concern, as we used data from health checkups,
which might include information from older adults who were more health-conscious. Still, if
an association between serum albumin and income is present in relatively healthy people,
health disparities in relation to economic status are likely. Third, because cross-sectional stud-
ies cannot establish causality, a longitudinal study might be needed in order to analyze changes
in annual income and serum albumin, to exclude the possibility of reverse causation that health
problems and decreased serum albumin resulted in low incomes. Finally, disease information
was self-reported, potentially causing reporting bias.
The results of this study have important public health implications. Among Japanese older
adults, those with low incomes tend to have lower serum albumin levels. This supports the
results of past studies, which show that low economic status is associated with worsening health
among older adults. We also found evidence that protein intake in older adults might be an
interacting factor between serum albumin and income level. Thus, improving intake of good
food—with food vouchers or a reduction or waiver of taxes on food—might decrease mortality
and improve health among older adults.
The relation of respiratory disease to serum albumin and economic status and the pathway
from low income to respiratory disease need to be acknowledged and addressed. In Japan,
pneumonia is the third leading cause of death and chronic obstructive pulmonary disease is the
10th leading cause [50]. Fukuda et al. reported that the rate of current smoking increased with
decreasing household expenditure [51]. Antismoking measures for older adults, especially
those with low socioeconomic status, might help prevent deaths from respiratory diseases.
Future studies should examine the pathways by which low socioeconomic status leads to poor
health and disease development.
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In conclusion, we found a significant association between serum albumin level and house-
hold income among community-dwelling Japanese elders. Population aging is an important
reason for the increasing inequalities in income and health in Japanese society. Thus, it is nec-
essary to evaluate and monitor overall health status in healthy community-dwelling older
adults, to ensure prompt intervention, when necessary. The evidence suggests that the associa-
tion between serum albumin level and household income is mediated by health-related and
nutritional factors among low-income older adults.
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